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Abstract

Eight tropical herbaceaus legumes were introduced into Singapore and evaluated for

their possible roles in soil fertility improvement and soil erosion control on the island,

and also in the other wet tropical areas. Desmodium canum is too woody and grew into a
small bush in two years; Desmodium intortum is seriously attacked by insects; Desmodium
sandwicense has upright growth habit and poor nodulation; Glycine wight ii is attacked by
insects and has not flowered in Singapore; Phaseolus atropurpureus and Phaseolus lathroides

are two climbers and can be used as ornamental plants on fence; Stylosanthes humilis is an
annual plant and not well adapted to the wet tropics. Desmodium uncinatum is the only
legume showing potentials in fertility improvement and erosion control of soils in Singapore.
It has moderate vegetative growth, spreading growth habit and strong stoloniferous develop-
ment. It nodulates well, regrows fast after being cut and is well adapted to the wet tropics.

Introduction

In addition to the direct use as food and feed, the herbaceous legumes play

a significant and fundamental role in the soil fertility improvement and soil erosion

control. They are characterized by two important morphological features: 1) Their

roots bear nodules containing Rhizobium species which play a unique and vital

role in nitrogen fixation; and 2) they tend to root at the stem nodes and produce

stolons which are essential in soil erosion control.

The purpose of this study is to examine morphologically and ecologically

some introduced herbaceous legumes grown under the natural conditions in Singa-

pore so as to evaluate their usefulness on soil fertility improvement and soil

erosion control.

Materials and methods

Eight herbaceous legumes had been introduced from 4 tropical and subtropical

areas and grown for morphological and ecological investigations. A list of the

legumes and seed sources is presented in Table 1.

Table 1. Legume species introduced to Singapore for morphological and ecological studies

Species Identification Seed Source

Desmodium canum (Gmel.) Schin. & Thell. PI 317045 Hawaii

Desmodium intortum (Mill.) Urb. Greenleaf Australia

Desmodium sandwicense E. Mey. PI 322470 Brazil

Desmodium uncinatum (Jacq.) DC Silverleaf Australia

Glycine wightii (R. Grah. ex Wight & Arn.) Verde. Perenn. soybean Brazil

Phaseolus atropurpureus DC. Siratro Australia

Phaseolus lathyroides L. Phasemy bean Puerto Rico

Stylosanthes humilis H.B.K. Townsville style Australia
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One hundred seeds of each species were counted and weighed to the nearest

nig and scarified by rubbing between two fine carborundum papers before germina-

tion. Each lot of hundred seeds were placed on moistened blotting paper in a

petri dish. The time interval leading to germination was recorded. When the radicle

reached length of about 1 cm, all the young seedlings from each lot were trans-

planted to 8 cm-diameter plastic pots containing local soil on which Desmodium
trijlorum and Desmodium heterophyllum have previously been grown. The two

legume species nodulated well so that the soil contained sufficient nitrogen-fixing

bacteria. The pots were placed under shade and gently watered twice daily. When
the seedlings reached the 5th true-leaf stage, they were transplanted to the field in

the Department of Botany at the University of Singapore and grown under natural

conditions. At the time of transplanting, the field is fully covered with grass-legume

mixture, with about 20-30% of legumes, mainly Desmodium heterophyllum and

Desmodium triflorum.

Morphological descriptions, measurements, and other observations of seed,

seedling and adult plant are recorded under individual species. Leaflet size was
measured by automatic area meter (Model AAM-5 by Hayashi Denko & Co. Ltd.)

to the nearest mm2
. Pubescence on stems and leaves were classified into 4 classes,

namely glabrous, slightly pubescent, pubescent, and densely pubescent.

Ecological observations are aslo listed under each species. A minimum of 5

plants from each species v/ere examined for nodulation. The nodulation value for

each species were recorded according to the following scale:

Rate no nodulation.

Rate 1 poor nodulation: Sparse, small nodules.

Rate 2 fair nodulation.

Rate 3 good nodulation.

Rate 4 excellent nodulation: Abundant, large nodules.

Results and Discussions

Desmodium canum (Gmel.) Schinz & Thellung, Kaimi clover. —Plate 1A and IB

This species originated from West Indies (Bryan, 1966). Younge et al (1964)

reported that it has been naturalized in the Hawaiian Islands and is known to the

farmers as Kaimi clover. This legume has been tested in Queensland, where it

persisted in spite of severe competition with the aggressive grasses.

Morphology

Seeds: Yellow to light brown, kidney-shaped, 1.2 x 2.0 x 3.5 mm, 1000-seed

weight 4.5-5 .0g (180,000-220,000 seeds per kg); hilum oval, dark brown, at the

centre of straight edge; germination epigeal; time to germination at 27 °C, 52 hours.

Seedlings: Cotyledons oblong, 4-5 x 6-8 mm; eophylls 2, opposite, unifolioliate,

cordate, 8-10 x 10-12 mm, margin entire, apex obtuse, base cordate: hypocotyl

6-8 mm; time to first true leaf, 25 days.

Stems: Decumbent to erect, cylindrical, green to brown, pubescent, fairly woody,

internodes 3-4 cm long, rooting at nodes.

Leaves: Alternate, pinnately trifolioliate, dark green, slightly pubescent on both

surfaces; petioles 3-5 cm long, pubescent; terminal leaflet oval, 8.8 cm2
, 2-3 x 4-5,

margin entire; lateral leaflet 7.3 cm2
; stipules deltoid, 3-4 x 6-8 mm, apex pointed,

stipels minute, lanceolate.
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Inflorescence: A terminal raceme, 10-20 cm long, with 20-30 flowers; flowers small

5-6 mmlong, paired at node; pedicels 3-4 mmlong, calyx campanulate, 5-cleft,

joined at base, teeth lanceolate; corolla pink to red, 4-5 mmlong.

Pods: Straight, sickle-shaped toward end, 2-4 cm long, 5 mmwide, 4-8-seeded,

deeply indented at lower suture, covered with hooked hairs, indehiscent, readily

breakable into single-seeded segments.

Ecology

Kaimi clover has fairly big seed, about 4-5 grams per 1000 seeds, as com-

pared with other Desmodium species (Rotar and Urata, 1966). It germinated slowly

and the percentage of plant establishment was low, less than 20% under intensive

care. It is a slow-growing plant and took 4 months to reach the flowering stage.

This legume was reported as a long-day plant (Chow, 1972). It flowered

throughout the year under the natural day length in Singapore. The percentage

of pod formation was low, less than 15%. Because of its low seedling vigour and

poor pod formation, it has difficulties in establishment and regeneration. However,

once it is established, it is very persistent and drought-tolerant, and competes very

well with the aggressive grasses. It was hardly attacked by insects and also roots

freely at nodes.

The plant did not nodulate well, with an average nodulation value of 1.1.

Moreover, the plant grew into a small bush in two years because of its very

woody stems. Thus it is concluded that this legume is fair in soil fertility improve-

ment but good in soil erosion control.

Desmodium intortum (Mill) Urb., Greenleaf Desmodium or Kuru vine. —Plate

1C and ID

D. intortum originated in Central and South America. It is found at altitudes

up to 2,500 m at the equator and at about 800 m at its geographical limit of

latitude 25 °N and S (Bryan, 1969). This legume is used primarily for grazing.

It recovers rapidly and can be grazed periodically throughout the growing season

(Younge et al., 1964). This legume has grown in popularity in Queensland, Australia

and commercial seeds are available under the name "Greenleaf desmodium".

Morphology

Seeds: Light brown to brown, kidney-shaped, 0.6-1.0 x 0.8-1.2 x 1.0-1.4 mm,
1000-seed weight 1.5 g (400,000 seeds per kg); non-shattering; hilum small, nearly

round, covered with dark brown material, at the centre of the nearly straight edge;

germination epigeal, time to germination at 27 °C, 26 hours.

Seedlings: Cotyledons oblong, 2-3 x 4-5 mm; eophylls 2, opposite, unifoliolate,

ovate, 7-10 x 8-12 mm, margin entire, apex obtuse, base obtuse; hypocotyl 4-6

mm; time to first true leaf, 22 days.

Stems: Decumbent to sub-erect, cylindrical to triangle, green to reddish brown,

pubescent, internode 4-8 cm long, 2-4 mmin diameter; rooting readily at nodes.

Leaves: Alternate, trifoliolate, green to dark green, pubescent on both surfaces;

margin entire; petioles 3-4 cm long, pubescent; terminal leaflet ovate, size 24.9

cm2
, 5-6 x 6-8 cm, pubescent, with brown flecking; apex acute, base obtuse;

lateral leaflets smaller, 16.8 cm2
, 4-5 x 5-7 cm; stipules deltoid, 3-4 x 4-5 mm;

stipels small, linear.

Inflorescence: This plant has not flowered under the natural day length in Singa-

pore.
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Ecology

Greenleaf desmodium has rather small seeds, about 1.5 g per 1000 seeds,

but the percentages of seed germination and seedling establishment were high.

The plant started slow at seedling stage, and then grew fast and vigorously after

it was established. The plant is not very tolerant to drought; vegetative growth

of this plant is limited to a certain extent in the drier season. This legume seems

to be best adapted to humid and subhumid climates in the tropics and subtropics.

The plant rooted freely at the stem nodes and nodulated very well. The
average nodulation value was 3.2, the highest among the legumes in this study.

The leaves of this plant were seriously attacked by insects (Chrysomelidae spp. and

Cicadellidae spp.). For many old leaves, only mid-ribs were left. D. intortum is

a shortday plant and flowered during December to March in Hawaii or under 10

to 11 hours of light (Rotar and Chow, 1971). Under the natural photoperiod in

Singapore, it has not flowered.

Although greenleaf desmodium is one of the most important legumes for

grazing animals in the tropics and subtropics, it can not be grown in Singapore

for soil conservation due to two reasons: (1) The plant is seriously attacked by

insects and (2) it does not flower with the intermediate day length at the equator,

thus will have difficulties in regeneration.

Note: Taxonomists have not clearly distinguished between D. intortum and

D. aparines (Link). DC. The type specimen of D. intortum is from Jamaica with

articles of the loment almost symmetrical. Some materials from Mexico, Central

and South America resemble the type but the loment articles are smaller and

asymmetrical. D. intortum ranges from southern Mexico, through Central America,

Jamaica and Haiti, into north Colombia and western Venezuela. D. aparines

reportedly occurs from Lake Titicaca northward, through the highlands of Vene-

zuela and Central America, to Vera Cruz in Mexico.*

This species designation of D. intortum has been used in this study.

Desmodium sandwicense E. Mey., Spanish clover. —Plate 2A and 2B

This legume originated in South America and has been introduced into

tropical and subtropical Asia, Africa and Australia. It crosses readily with Des-

modium intortum and Desmodium uncinatum, the two most important pasture

species in the genus Desmodium (Rotar and Chow, 1971), and thus it was sug-

gested that this legume could be used as bridging species to combine genes from

these two species.

Morphology

Seeds-. Light brown to brown, kidney-shaped, 1.2 x 2.0 x 3.0 mm, 1000-seed

weight 3^ g (250,000-330,000 seeds per kg): non-shattering; hilum oval, dark

brown, at the centre of straight edge; germination epigeal, time to germination at

27 °C, 24 hours.

Seedlings. Cotyledons oblong, 4-6 x 8-10 mm; eophylls ovate, 6-10 x 5-8 mm,
margin entire, apex obtuse, base obtuse; hypocotyl 10-14 mm; time to first true

leaf, 18 days.

Stems: Erect to sub-erect, cylindrical, 1.5-3.0 mmin diameter, green, brown or

dark red, woody, glabrous; internode 3-5 cm long.

* Correspondence from B. G. Schubert, Arnold Herbarium, Harvard University.





Plate 2. Desmodium sandwicense, A: seedling, B: plant.

Desmodium uncinatum, C: seedling, D: plant.
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Leaves: Dark green, glabrous above, slightly pubescent beneath, margin entire;

petioles 4-8 cm long, glabrous; terminal leaflet lanceolate, 9.8 sq. cm, 3-4 x 4-6

cm; apex acute, base acute; lateral leaflet smaller, 8.4 sq. cm, 2-3 x 4 5 cm;
stipules small, deltoid, 2-4 mmlong, 1 mmwide, stipels minute, linear.

Inflorescence: A terminal raceme, 15-25 cm long, with 30-40 flowers; flowers 1 cm
long, paired at node; pedicels 3-5 mmlong, calyx campanulate, 5-cleft, joined at

base, teeth lanceolate; corolla 8 mmlong, pink.

Pods: Brown, straight, sickle-shaped toward apex, 3-5 cm long 0.5 cm wide, 5-11-

seeded, covered with hooked hairs, deeply indented at lower suture, indehiscent,

readily breakable into several single-seeded segments.

Ecology

Desmodium sandwicense showed high percentages of seed germination and

seedling establishment. The plant grew well and fast at seedling stage, but vegeta-

tive growth slowed down when the plant started to flower which took place within

two months from seeding. The plant flowered profusely but did not set seed well;

percentage of pod formation was less than 10% under the natural environment in

Singapore. This was probably owing to the high temperatures.

The plant had rather woody stems, and thus had upright to intermediate

growth habit. Nodulation was poor, with an average nodulation value 1.4. The
leaves were attacked by insects. It is concluded that this legume is not well

adapted to the rainforest conditions and is not recommended to grow in Singapore.

Desmodium uncinatum (Jacq.) DC., Silverleaf desmodium. —Plate 2C and 2D

This legume is native to tropical America, most likely Brazil (Bryan, 1969).

Its distribution is restricted to humid or subhumid tropical or subtropical climates

with a rainfall of 1000 mmor more. This species is one of the most promising

tropical pasture legumes. However, it is susceptible to 'legume little leaf and is

not as palatable as D. intortum selections (Hutton, 1960).

Morphology

Seeds: Light brown, kidney-shaped, 1.5 x 2.3 x 3.3 mm, 1000-seed weight 5 g
(200,000 seeds per kg); non-shattering; hilum oval, dark brown, at the centre of

straight edge; germination epigeal, time to germination at 27 °C, 25 hours.

Seedlings-. Cotyledons oblong, 4-6 x 7-11 mm, apex obtuse, base obtuse; eophylls

2, opposite, unifoliolate, ovate, 8-12 x 10-15 mm, margin entire, apex obtuse,

base obtuse; hypocotyl 8-12 mm; time to first true leaf 20 days.

Stems: Decumbent, cylindrical to angled, green to light brown, 3.5 mmin diameter,

soft, densely covered with hooked hairs, very sticky; internodes 6-10 cm long,

rooting at the nodes on moistened soils.

Leaves: Alternate, pinnately trifoliolate, dark green with very distinctive silver

marking on the mid-rib, densely covered with hooked hairs on both surfaces;

petioles 6-8 cm long, densely pubescent; terminal leaflet elliptic and ovate, 15.5

cm2
, 3-5 x 5-8 cm, margin entire, apex acute, base obtuse, lateral leaflets smaller,

12.5 cm2
,

3-4 x 4-5 cm; stipules deltoid, 2-3 x 5-8 mm, apex pointed; stipels

minute, 3-4 mmlong, lanceolate, pointed.

Inflorescence: A terminal raceme, 30-50 cm long, with 25-45 flowers; flowers

1.3-1.5 cm long, paired at node, pedicels 1-1.5 cm long, densely pubescent; calyx

campanulate, 5-cleft, joined at base, teeth acuminate, densely pubescent; corolla

pink, 1.1-1.4 cm long.
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rods: Sickle-shaped, 5-9-seeded, 4-6 cm long, 0.6 cm wide, upper suture straight,

lower suture deeply indented, covered with harsh and hooked hairs, very sticky,

indehiscenl but readily breakable into several single-seeded segments.

Ecology

Silverleaf desmodium has fairly large seeds, 5 g for 1000 seeds, and grew well

at seedling stage. It is a short-day plant and flowered under 11 hours of photo-

period (Chow, 1972). In the natural environment of Singapore, it took 6 months
to reach flowering stage. The plant flowered well throughout the year but pod
formation was poor, less than 10%. Most of the flowers dropped within two days

after opening. This is probably due to the high temperatures in Singapore. Rotar

and Chow (1971) reported that pod formation of D. intortum and D. uncinatum

was negatively correlated with temperatures. Pods harvested in Singapore con-

tained an average of 2.8 seeds which is significantly less than the average of 4.5

seeds per pod reported by Rotar and Chow (1971) under the natural conditions in

Hawaii in winter.

After flowering, vegetative growth slowed down considerably. The plant rooted

freely at stem nodes and also nodulated well, with an average nodulation value 2.6.

Owing to its heavy pubescence, the plant is hardly attacked by insects. It is also

tolerant to shade, grew well in dry season, and regrew fast after being cut. It is

concluded that this legume shows potentials in soil fertility improvement and soil

erosion control in the wet tropics because of its high nodulation value, stoloni-

ferous habit, moderate vegetative growth, and tolerance to insects, shade and

drought. It has a spreading growth habit and builds up a dense ground cover in

half a year.

Glycine wightii (R. Grah. ex Wight and Arn.) Verde, Glycine, perennial soybean

or Rhodesian Kudzu —Plate 3A and 3B

This legume is a native of tropical Africa, most likely Kenya. It is now
widely distributed in India, Ceylon, Malaya, and Java (Hutton, 1968). This plant

has received much attention in Australia, Africa and South America as a pasture

legume for semi-arid and for moderately humid tropics. In Kenya, Bogdan (1966)

reported that glycine mixed well with a number of cultivated grasses and is suitable

for improved permanent pastures.

Morphology

Seeds: Dark brown to black, oblong, 1.5 x 2.0 x 2.5 mm, 1000-seed weight 5.8 g
(172,000 seeds per kg); hilum very small, circular, white, at the centre of straight

edge: germination epigeal, time to germination at 27 °C, 28 hours.

Seedlings: Cotyledons oblong, 5-7 x 8-12 mm; eophylls 2, ovate, 1.4-2.0 x

1.2-1.8, margin entire, apex obtuse, base obtuse; hypocotyl 10-14 mm; time to

first true leaf, 20 days.

Stems: Twining, cylindrical, soft, green, pubescent; internodes 8-15 cm long, rooting

at nodes.

Leaves: Green, pubescent on both surface; petioles slender, 3-5 cm long, pubescent;

terminal leaflet ovate, 14.1 sq. cm, 3-A x 4-6 cm, margin entire, apex obtuse,

base obtuse; lateral leaflet smaller, 10.6 sq. cm; stiples small, deltoid, 3-4 x 6-8

mm, apex pointed; stipels minute, linear.

Inflorescence: This plant has not flowered under the natural day length in Singa-

pore.
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Ecology

Glycine wightii grew slowly at seedling stage. Wilson (1972) stated that the

slow growth of this species at seedling stage was due to the relative slow initial

nodule development in this species. The plant grew and nodulated fairly well after

being established, with an average nodulation value of 2.2. This legume is a

short-day plant and has not flowered in Singapore. The leaves of this legume have

been attacked by insects, but not very seriously. Furthermore, this legume is a

climber and does not root well at stem nodes, and thus is not recommended for use

in soil conservation in Singapore.

Phaseolus atropurpureus EXT., Siratro —Plate 3C and 3D

This species is native to Mexico, Central America and parts of South

America. It is usually found in drier areas at sea level or in the drier transition

zones at around 300 m elevation between the wet coastal lowlands and the higher

sub-coastal plateau (Hutton, 1962).

Morphology

Seeds: Dark brown, oblong-ellipsoid, 2.0 x 2.5 x 3.5 mm, 1000-seed weight 12.54 g
(80,000 seeds per kg); hilum oval, small, central, white; germination epigeal, time to

germination at 27 °C, 31 hours.

Seedlings: Cotyledons oblong, thick, small, 3x5 mm; seedling leaves 2, opposite,

cordate, 1.5-2.0 x 1.5-2.5 mm, apex, obtuse, base obtuse; hypocotyl 8-12 mm;
time to first true leaf, 1 5 days.

Stems-. Trailing or climbing, cylindrical, green, soft, slightly pubescent; internodes

elongating.

Leaves: Alternate, trifoliolate, dark green, margin entire, pubescent beneath;

petioles 4-8 cm long, slightly pubescent; terminal leaflet ovate, size 11.8 cm2
,

3-4 x 4-6 cm, apex obtuse, base obtuse; lateral leaflet smaller, 8.4 cm2
; stipules

small, deltoid, 2-3 mmlong, 1 mmwide, apex pointed; stipels minute, 1-2 mm
long, deltoid.

Inflorescence: An axillary raceme, with 6-10 flowers crowded at the apex of the

raceme; flower 1.5-2.0 cm long; calyx campanulate 5-cleft, joined at base, teeth

short, pubescent; corolla dark purple, much exserted, keel prolonged, spirally

twisted, style filiform, wings conspicuous, 15-17 mmacross.

Pods: Linear straight, 7-10 cm long, 0.4 cm wide, containing 11-13 seeds, dehi-

scent when ripe, splitting along both edges.

Ecology

The percentage of seedling establishment for this legume was low, and the

seedlings grew slowly in the environment of Singapore. The plant, however, grew

well after being established and flowered profusely throughout the year. Despite the

hot climate, it produced a large number of seeds. The pods of this legume are

dehiscent upon maturity. The plant did not volunteer well due to its poor seedling

establishment in wet and hot environment.

This legume is very resistant to insects and nodulated fairly well, with an

average nodulation value of 1.7 when the plant was 6 months old. The plant rooted

poorly at stem nodes. It is thus not recommended for soil conservation use in the

wet tropics. Being a climber, this legume can be used as an ornamental plant on

fence.
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Phaseolus lathroides L., Phasemy bean —Plate 4A and 4B

This legume originated in India and is now widely grown in many parts of the

world. The plants are palatable and highly nutritive to animals. However, it is

susceptible to bean virus 2 and is badly attacked on occasion by bean flies

(Agromyza phaseoli Coq.) in Queensland, Australia, particularly at the seedling

stage (Hutton, 1962). In Australia, this legume is being replaced by
4

Siratro'

{Phaseolus atropurpureus L.) in many areas.

Morphology

Seeds-. Gray, mottled with brown spots, oblong with rounded ends, solid, 1.6 x 2.0

x 2.2 mm, 1000-seed weight 6.5 g (150,000 seeds per kg); hilum oval, central;

germination epigeal, time to germination at 27 °C, 19 hours.

Seedlings: Cotyledons oblong, small, thick, 3-4 x 4-6 mm; eophylls 2, opposite,

unifoliolate, cordate, 1.2-1.5 x 1.5-2.0 cm, margin entire, apex obtuse, base

cordate; hypocotyl 10-15 mm; time to first true leaf, 14 days.

Stems: Sub-erect, climbing, cylindrical, purplish green, slightly pubescent, soft;

internodes elongating.

Leaves: Trifoliolate, alternate, green, glabrous on upper surface, slightly pubescent

on lower surface; margin entire; petioles 4-6 on long, slender; terminal leaflet

ovate, size 12.5 cm2
, 3-4 x 5-6 cm, apex obtuse, base obtuse; lateral leaflet size

9.2 cm2
, deltoid, 1-2 x 4-6 mm, apex acuminate, stipules minute, 1-2 mmlong,

lanceolate.

Inflorescence: An axillary raceme, 20-30 cm long, with 5-10 flowers crowded at

the top of raceme; flowers 1.5-2.0 cm long, purplish red, pedicels 0.5 cm long;

calyx campanulate, 5-cleft, joined at base, teeth short, pubescent; corolla purplish

red; keel prolonged, spirally twisted; wings conspicuous 16-18 mmacross; style

filiform.

Pods: Linear, 10-14 cm long, 3 mmwide, covered with brown hairs, nearly

straight, containing 15-25 seeds, dehiscent when ripe, splitting along both edges.

Ecology

The seeds of phasemy bean germinated well, the seedlings grew fast and the

plants were very vigorous after being established. It flowered profusely throughout

the year in Singapore. The percentage of pod formation was about 65% and

each pod contained approximately 20 seeds, thus it produced a great number of

seeds. The pods dehisced when ripe and the plant volunteered well.

The young plants of two months old nodulated well, with an average nodula-

tion value of 3.1. For 6-month-old plants, the nodulation value decreased to 1.5.

The fast growth at the seedling stage of this legume is probably due to the fast

initial nodule development. Phasemy bean is probably a biennual plant. Its growth

slowed down considerably in the second year and gradually died off. The plant is

very resistant to insects.

The above results indicate that this legume is very well adapted to the natural

environment in Singapore. It is good on soil fertility improvement but fair on

soil erosion control because it is a climber and produces stolons poorly. It can

be used as an ornamental plant on fence. However, precaution has to be taken

to prevent the plant from growing beyond control.


